Background: Surveillance has been insufficient to inform and evaluate public health practices for people with disabilities. No studies have investigated whether there is statistical justification for subdividing the large, heterogeneous group of people with disabilities into subpopulations, for surveillance. Methods: Pooled data from the Medical Expenditures Panel Survey (2004-2010, unweighted n=132,198) included the following disability types: physical, cognitive, visual, hearing loss, and multiple disabilities. We examined differences among the disability subgroups and the no disability group on receipt of flu shot, dental exam, and timely care; insurance status; usual source of care (USOC); mental and physical health; and multiple chronic conditions (MCC).
Introduction
Recent efforts have highlighted the poor health of people with disabilities (Horner-Johnson, Dobbertin, Lee, & Andresen, 2013; Reichard, Stolzle, & Fox, 2011) ; however few public health efforts have been directed to or purposefully included this population. Nearly 19% of U.S. adults have a disability (Brault, 2012) , defined as people with substantial functional limitations in physical function, cognitive function, vision, or hearing. While recent support from federal agencies (Centers for Disease Control and Prevention, 2011; U.S. Department of Health and Human Services, 2002, 2005) has enabled a substantial increase in the number of intervention studies aimed at improving health outcomes for individuals with disabilities (Naaldenberg, Kuijken, van Dooren, & van Schrojenstein Lantman de Valk, 2013; Seekins, Drum, Kimpton, & al., 2010) , a sufficient concomitant surveillance effort has not been undertaken to inform which interventions are needed to address the disparities experienced among these subgroups and to evaluate the effects of interventions and other public health practices on this population. Instead, surveillance related to this population has continued to focus on estimating prevalence of birth defects, developmental disabilities, neurological diseases (McGeehin, Qualters, & Niskar, 2004) and spinal cord and traumatic brain injury (Adams, Krahn, Horner-Johnson, & Leman, 2009; Coronado et al., 2011) . Nsubuga et al. stated (2006) , "Public health surveillance provides the scientific and factual database essential to informed decision making and appropriate public health action (p. 2)." Purposeful and comprehensive expansion of surveillance efforts specific to people with disabilities is required to best address the health disparities that individuals with disabilities experience (Krahn, Walker, & Correa DeAraujo, 2015) . These efforts are necessary not only to enumerate individuals with disabilities but also to guide public health action inclusive of people with disabilities. Additionally, such work is necessary to assess the extent of progress of public health programs and interventions in mediating the effects of social factors (e.g., poverty, discrimination) on health outcomes, quality of life, and function among people with disabilities (Adams et al., 2009 ).
Research on disparities among people with disabilities has typically compared people with disabilities to those without them. Some intervention studies have subdivided the disability population (Havercamp, Scandlin, & Roth, 2004; Jones & Lollar, 2008; Kancherla, Van Naarden Braun, & Yeargin-Allsopp, 2013; Rimmer, Wang, Pellegrini, Lullo, & Gerber, 2013) because ample conceptual and experiential evidence strongly suggests important differences among persons with disabilities based on disability type (physical, cognitive, developmental, sensory impairments, mental health) (Anderson et al., 2013; Shireman, Reichard, & Hunt, 2013) . However, only a handful of studies have compared outcomes among subgroups of the disability populations. No studies have investigated whether there is statistical justification for subdividing the larger, heterogeneous group of people with disabilities into subpopulations for surveillance research, to determine whether specific disability types vary in ways that necessitate unique practical response to appropriately address the barriers and disparities experienced by these subgroups.
The Current Study
This study was one of the first to offer a model to purposefully increase and improve surveillance on individuals with disabilities. Specifically, this study compared disability subgroups and the no disability group on receipt of flu shot, dental exam, and timely care; mental and physical health status; multiple chronic conditions (MCC); usual source of care (USOC); and, insurance status; to determine whether future surveillance efforts should consider monitoring outcomes by disability type. The objective was to confirm or refute, through statistical testing, conceptual and experiential evidence of differences between and among people with different types of disabilities that are relevant to public health surveillance.
Methods

Study Design
We analyzed pooled data from the Medical Expenditures Panel Survey (MEPS), 2004-2010. The MEPS is frequently used for health services research (Agency for Healthcare Research and Quality, 2009) . MEPS has become the premier dataset for examining health care access disparities in vulnerable populations with research conducted among older adults, the uninsured, rural Americans, children with special health care needs, and women (Alegría et al., 2006; Shi, 2000) . All variables used for this study have been included in the MEPS since at least 2000.
Participants
We included all working age adults (18-64) who had values for all study measures in the analyses (n=132,198) . The MEPS includes a subsample of respondents from the National Health Interview Survey (NHIS), and is nationally representative of the civilian noninstitutionalized population in the United States. The NHIS uses state-based stratification to sample respondents, and it oversamples racial and ethnic minorities (Parsons, Mariarity, Jonas, & al., 2014) . Self-reported information is collected on all people in selected households five times over a two-year span; all data in this study are from the household component of the MEPS.
Measures
Outcome Variables. We examined a total of eight health and healthcare items, including five healthcare and health status measures and three healthcare use measures. The healthcare and health status measures were (1) self-reported physical health, (2) self-reported mental health, (3) multiple chronic conditions (MCC), (4) having health insurance, and (5) untimely receipt of care. The health care use measures were: (6) receipt of flu vaccine, (7) receipt of dental exam, and (8) having a usual source of care (USOC). Self-reported physical health and self-reported mental health were collapsed into excellent/very good/good (1) versus fair/poor (0), as is commonly done (e.g., Horner-Johnson, Dobbertin, Lee, & Andresen, 2013; Reichard, Gulley, Rasch, & Chan, 2015) . Having MCC was defined as having any two or more of the following priority health conditions: arthritis, asthma, cardiovascular disease, diabetes, emphysema, high blood pressure, or stroke (0=No; 1=Yes). Responses to receipt of dental examination and receipt of flu vaccine within the last year were measured dichotomously (0= No; 1= Yes). Anyone who indicated that they had a USOC (other than the ER) was considered to having a USOC (1=Yes); those who reported using the ER or responded 'no' to this question were considered to not have a USOC (0=No), per the Healthy People 2020 definition of ongoing sources of care. People were coded as having insurance if they had any private insurance and public insurance only during the year (1=Yes); those who were not insured for the entire year were considered uninsured (0=No). Finally, untimely receipt of care measure pertained to self-reported delaying or not receiving necessary medical services, dental services, or prescription medications (1=Yes); people who never reported having had to delay or not receive necessary care were coded as such (0=No). We selected these measures because they are all commonly used in public health surveillance in the U.S. (U.S. Department of Health & Human Services, 2010a).
Predictor Variables. The predictor of interest was disability subgroup. We classified the analytic sample into one of six mutually exclusive groups (five disability and one nondisabled). A person was considered to have a cognitive limitation if they answered 'yes' at two points in time to: "experiencing confusion or memory loss, having problems making decisions, or requiring supervision for their own safety" (unweighted n = 527) (Agency for Healthcare Research and Quality, 2009, pp. C-40) . Physical limitations were identified based on at least one affirmative report of "difficulties walking, climbing stairs, grasping objects, reaching overhead, lifting, bending or stooping, or standing for long periods of time" (unweighted n=12,526) (Agency for Healthcare Research and Quality, 2009, pp. C-38) . Visual impairments were defined as being "impaired near, but not far", "impaired both near and far", or "blind," even when wearing contacts or glasses (if used) (unweighted n= 814). The hearing loss group included people who reported having a moderate or major impairment, or being deaf (unweighted n=386). Anyone who responded "yes" to at least two of these limitations was considered to have multiple impairments (unweighted n=2,563). People not reporting any impairments or limitations were classified as having no disabilities (unweighted n=121,622); these people were included in the bivariate analyses but not the Wald testing. Recent research has shown that these differences exist in health and healthcare outcomes for these subgroups (Dobbertin, Horner-Johnson, Lee, & Andresen, 2014; and between people with disabilities and people without disabilities (McDermott, Moran, Platt, & Dasari, 2006; Reichard, Stolzle, & Fox, 2011) . Demographic Covariates. Covariates included age (continuous, 18-64), sex (male/female), and race/ethnicity (non-Hispanic white, nonHispanic black, non-Hispanic other, and Hispanic). They also included education (<high school, high school, > high school), income (poor/near poor (>125% of the federal poverty line, other)), married (yes/no), region (Northeast, Midwest, South, West), and metropolitan statistical area (MSA; yes/no). We also included need for assistance with instrumental activities of daily living (IADLs) and activities of daily living (ADLs) because this characteristic has been shown to predict need for and use of health care services (Gulley, Rasch, & Chan, 2011) . Survey respondents who reported "receiv [ing] help or supervision with personal care such as bathing, dressing, or getting around the house" (ADLs) or "receiv[ing] help or supervision using the telephone, paying bills, taking medications, preparing light meals, doing laundry, or going shopping" (IADLs) (Agency for Healthcare Research and Quality, 2009; C-37-38) were coded as having these assistance needs.
Analyses
We conducted descriptive analyses, t-tests and pairwise chi-square analyses to compare sociodemographic factors, health status, and healthcare use outcomes across the five disability subgroups (physical limitations, cognitive limitations, visual impairments, deaf/hard of hearing, and multiple limitations) and the no disability group. Next, we predicted each of the eight outcomes using omnibus and pairwise logistic regression and Wald tests among the disability subgroups; people without disabilities were excluded from these analyses. For each outcome, an omnibus Wald test was conducted to ascertain whether the group of covariates varied across the five subpopulations, when all of them were considered jointly. In addition, to determine the specific subpopulations that should be modeled separately, Wald tests and logistic regression analyses were conducted for pairwise combinations of the five subpopulations, for each of the health outcomes. The pairwise Wald test was used to compare the differences in the outcomes of interest for each pair of disability groups, though their interactions with each sociodemographic characteristic. The Wald test was used to examine USOC, untimely receipt of care, health insurance, and MCC were included as covariates in the analyses when they were not the outcome of interest. This method has previously been used to investigate the unique impact of sets of predictors on an outcome (Korn & Graubard, 1990; Mulvaney-Day, Alegría, & Sribney, 2007) . The logistic regression results are neither shown nor discussed in this paper. We believe that those results deserve a more extensive, in-depth and thorough treatment than they can be given here due to our interest in the Wald test results and the diversity in our outcomes. The results were substantively similar when reduced sets of predictors were used, thus multi-collinearity was not a concern. Sample weights and design variables were used in all analyses to adjust for the complex sample design of the MEPS. All analyses were conducted using Stata MP/13 (College Station, TX).
Results
Our weighted sample of working-age adults (18-64) included 9.8% with physical limitations, 1.7% with multiple impairments, and less than 1% each reporting cognitive limitations, hearing impairments, and visual impairments; the remainder did not report a limitation. First, we summarized the statistically significant bivariate differences in sociodemographic and health and healthcare outcomes among the five disability groups. (We do not highlight the differences between individuals within each disability subgroup and those without disabilities because these differences are already well-established and is not the specific focus of this work; however, the findings for the no disability group are included in Table 1 , for reference).
Characteristics of Disability Groups
Bivariate analyses revealed substantial differences in the sociodemographic profiles of the disability subgroups and no disability group (Table 1) . Additionally, health and healthcare outcomes differed between the disability subgroups and the no disability group such that the proportion of people in each of the disability subgroups who reported untimely receipt of care, MCC, and fair/poor health was double the proportion of people with no disabilities. Similarly, people with vision impairments were less likely than people with physical, cognitive, and multiple limitations to report fair or poor physical health (18%) and fair or poor mental health (11%). However, they were significantly more likely to report these outcomes compared to individuals with no disability (6% and 4%, respectively).
Physical
Hearing Loss. Compared to people with other types of single disabilities and people with no limitations, people with hearing impairment were more likely to be male (58%), less likely to be Hispanic (8%) or Black (5%), and more likely to be married (66%). As previously described (see Visual Impairments), people with hearing loss were less likely than people with most other types of single disabilities to require assistance with IADLs/ADLs (6%), and they were less likely to report their physical and mental health status as fair or poor (16%, 8%, respectively). Similar to those with vision impairments (6%), individuals with hearing loss were least likely among the disability groups to require assistance with ADLs/IADLs, but more likely than those with no disability (0.8%) to require this help. The prevalence of fair or poor physical health among people with hearing loss was much lower than other disability groups, but substantially higher than the reported rates among people with no limitations for physical health and mental health, respectively (6% and 4%, respectively).
Multiple Limitations. In the current study, 98% of people with multiple disabilities had a physical limitation and at least one other disability type. Perhaps the most striking characteristics of people with multiple disabilities compared to people with a single type of disability and people with no limitations were the overwhelming prevalence of MCC (61%). Individuals with multiple limitations were more likely than people with one or no limitations to report a USOC (87%) and to have health insurance (61%). Nonetheless, they were also most likely to report untimely receipt of medical care (45%); the groups second most likely to report delaying needed care were people with either physical or cognitive limitations alone, with 29%). Low income may account for some of the delayed care, as people with multiple limitations were more likely than other groups except cognitive limitations to be poor (36%).
People with multiple limitations also reported a significantly higher prevalence (52%) of assistance needs for IADLs/ADLs than any other group besides people with cognitive limitations (47%). Moreover, self-reports of overall health were rated fair or poor by more than two-thirds (68%) of this group, which was much higher than any other group (next closest was people with physical limitations (41%)). Individuals with multiple limitations also rated their mental health as fair or poor more often (53%) than any other group except people with cognitive limitations (58%).
Omnibus Tests Controlling for Sociodemographic Factors
The omnibus test for each of the health and healthcare outcomes resulted in F-ratios that were significant at p < 0.001. This suggests that, for each of the health outcomes, the explanatory power of the full set of variables, together, varied across the disability subpopulations. Therefore, the disability subgroups should be modeled separately rather than as a single crossdisability group. Tests to determine which disability subgroups should be examined independently, for each outcome (the last column in Table 2 ) suggest that the disability subpopulations, overall, have sufficiently unique attributes to statistically justify analyzing them separately. For both health insurance status and MCC, pairwise comparisons were statistically significant for all subgroups except cognitive limitations versus hearing loss. Physical health status pairwise group comparisons were significant for all pairs except visual limitations versus hearing loss; mental health status comparisons were significant for all pairs except visual limitations versus hearing loss and cognitive limitations versus multiple limitations (though this pair neared significance, p<0.05). Assessed from the point of view of the pairwise combinations, each pair of disability subpopulations revealed statistical significance for at least three of the health and healthcare outcomes. For example, subgroup differences were found for cognitive limitations and visual impairments for receipt of flu shot, health insurance, physical health status, mental health status, and multiple chronic conditions.
Discussion
Epidemiologic research contrasting health and healthcare outcomes for individuals with and without disabilities provides us with valuable information necessary to inform public health policy, practice, and interventions. To date, surveillance efforts have typically focused on measuring the prevalence of certain disabilities and have not consistently provided the empirical data necessary for evidence-based decisions and relevant public health actions, including determining the need for and evaluating the effect of interventions. Monitoring the prevalence and distribution of poor health and healthcare outcomes among individuals with disabilities is critical to identifying those who fare the worst to inform changes in relevant policies and practices (Drum, Krahn, Culley, & Hammond, 2005; Krahn & Campbell, 2011; Krahn, Hammond, & Turner, 2006) . Although our findings did not show that all health and healthcare outcomes differ by disability subgroup, the evidence is sufficient across outcomes to support the use of subgroup analyses. These findings support the framework that the best way to examine people with disabilities is through a disability subgroup framework, not a single, cross-disability group to adequately assess where disparities exist and where to most effectively target intervention efforts.
These results showed that regardless of the disability type, health and healthcare outcomes differ among the disability subgroups. This confirms what we know about the unique needs and distinct barriers to care experienced by people with different types of disabilities (Naaldenberg et al., 2013; Seekins et al., 2010) . The findings also confirmed the conceptual and experiential evidence in support of examining disability subgroups, separately, as documented by others Drainoni et al., 2006; Willi Horner-Johnson & Dobbertin, 2014; McDermott, Moran, Platt, & Dasari, 2006; Reichard & Fox, 2013; Reichard, Stolzle, Sella, & Shireman, 2012) . These results further demonstrated the need for formal and comprehensive surveillance of disability subpopulations that can appropriately inform interventions to meet the unique needs of each these subgroups.
As numerous others have identified, there was a great need to establish better definitions not only of disabilities, broadly, but also for the specific disability subgroups. Including a set of standardized identifiers will help researchers, program designers, and policymakers to a) better monitor demographic change, b) better identify health disparities within subgroups, c) improve the precision in monitoring health status among subgroups, and d) strengthen capacity to target local, state and national interventions. Such an approach has been advocated by the Institute of Medicine regarding the importance of standardized data collection of race, ethnicity and language to allow for quality improvements designed to identify and address disparities among such subgroups (Institute of Medicine, 2003 Medicine, , 2009 ).
Although substantially downstream from our findings, the implications of this work may appear to support the continued implementation of specialized public health programs that target specific categories of disability and diagnoses, such as a diabetes management program specifically for people with physical limitations. However, such programs can be costly and difficult to sustain. Moreover, creating separate disability-specific programs contradicts our obligation to include people with disabilities to the greatest extent possible in mainstream public health promotion and activities ("Americans with Disabilities Act of 1990," 1990; U.S. Department of Health & Human Services, 2010c) . The findings of this study demonstrate that a thorough understanding of the unique attributes of each disability subgroup is essential for ensuring universal access.
Limitations
Limitations inherent to the MEPS data may have an effect on the findings of this study. First, the MEPS relies on self-reports that can result in errors from poor recall or understanding. The study sample contains a proportion of individuals who may have cognitive limitations or related disabilities that can affect their response accuracy. In addition, bias may be increased through proxy response if proxies have inaccurate information relevant to the questions. Second, the questions available on the MEPS for identifying individuals with "cognitive limitations" are broad and likely cause the inclusion of disabilities ranging from intellectual disability to dementia. Third, the small sample sizes of some of the disability subpopulations likely reduced the statistical power of some analyses. However, many of the results approached statistical significance, warranting further research with larger sample sizes for these groups (cognitive limitations, visual impairments, hearing loss), especially given what is known about the differences in the resources available these populations, the barriers they face, and their health services utilization patterns (Drum, Krahn, Culley, & Hammond, 2005; Krahn, Fox, Campbell, Ramon, & Jesien, 2010 ; U.S. Department of Health and Human Services, 2002; Ward, Nichols, & Freedman, 2010) . Finally, the sample included only the noninstitutionalized population; thus it did not capture the experiences of the many individuals with disabilities living in institutional settings (Agency for Healthcare Research and Quality, 2009 ).
Conclusion
In summary, purposefully and thoroughly expanding surveillance of individuals with disabilities can very possibly improve the ability of public health experts to meet the needs of this population.
In particular, conducting surveillance research separately on disability subgroups, the goal is to identify and address the needs of all people, including those in disability subgroups, to the greatest extent possible in mainstream public health programs and policies.
